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COMPREHENSIVE RADIOLOGICAL SURVEY

OFF-SITE PROPERTY P
NIAGARA FALLS STOMGE SITE

LEWISToN, NEW YORK

INTRODUCTION

Beginning in 1944, the l" lanhattan Engineer Distr ict  and l ts succesaor,  the

Atomic Energy Commission (anC), used portions of the Lake Ontario 0rdnance

!,lorks (now known as the Nlagara Falls SEorage Slte (NFSS) and associated

off-sl te propert ies),  approximately 3 km northeast of Lewlston, New York, for

storage of radioactive naates. These wastes vrere primarily residues from

uranlum processlng oPerations; however' they also included: contamlnated

rubble and scrap from decomissionlng activities, blological and niscellaneous

nastes from the University of Rochester, and low-level fisslon-product ltaste

from contaminated-liquld evaporators at the Knolls Atomic Power Laboratory

(I111pL). Recelpt of radioactlve lraste was discontlnued in 1954, and following

cleanup actlvlgies by Hooker Chenical Co., 525 hectares of the original 6Lz

hectare slge were declared surplus. This property ltas eventuaJ-ly sold by the

General Servlces Adminlst,ratlon to various prLvate' eommercial, and

governmental agencles. 1

SC'A Chemical Services' Inc.

off-s i te property P (see Figure

conducted in June and July 1983'

is the current oltner of a tract identifled as

1).  A radiologlcal  survey of that t ract '

ls the subject of  this rePort .

SITE DESCRIPTION

Figure 2 Ls a plot plan of off-site property P. The property ls roughly

rectangular in shape, measuring 4gO m long and varying in width from about

IZg rD at the south end to 185 m along the northern boundary. Property P

occupies a total  area of approxlmately 6.6 hectares. The si te is bounded on

the north by Balmer Road, on the south by I StreeC, and along Ehe r"esEern

perlmeter by LuEts Road. The Central Drainage Ditch easement forms the

eastern boundary.



There are three bui ldings on the property:  l )  a one-story bui lding

occupied by SCA adminlstrat ive off ices; 2) a one-story bui lding used for

miscel laneous storage and naintenance; and 3) an unoccupied t l to-story

structure. There are several access roads and paved parklng areas in the

vicinlty of these bulldings. I^lLth the exceptlon of several snall stands of

undergrowth along the central DraLnage DlEch and Balrner Road the Property ls

cleared and maintained.

Radlologlcal  l l istorv

There ls no evldence of storage or burlal of contaminated oaterial on

property P. One snalL area exceeding 20 UR/h Itas identlfled by the L972

",rrrr.y.2 
Thls area was in Ehe vlclnity of Ehe north parklng log. The

moblle scan by oRNL in 1980, lndlcated elevated radlatlon levels along Lutts

Road.3 Port lons of the CentraL Dral 'nage Ditch are also contaminated' l '2

SURVEY PROCEDURES

The comprehenslve survey of NISS off-slte Property P was performed by the

Radlological Site Assessment, Program of Oak Rldge Assoclated Universities

(ORAU), during the perlod of June and July, 1983. The survey ltas in

accordance wlth a plan dated December Ir L982, approved by the Department of

Energy. The objectlves and procedures from Ehat plan are Presented ln thls

section. It should be noted Ehat the central Dratnage Ditch and lts easeoent

are belng surveyed and cleaned W BechteL Natlonal, Inc'; this Portion of the

property was' Eherefore, excluded from the ORAU survey'

Object lve

The objectLve of the survey etas Eo provlde a comPrehensLve assessment of

the radlologlcal  condLtLons and associated pocent lal  health effects,  l f  anYr

on property P. Radtological  lnformat, ion col lected included:

l .  direct radiat ion exPosure raLes and surface beCa-gamma dose rates'

2. locat lons of elevated surface residues,



J r

4 .
5 .

concentrat ions of radionucl ides
concentrat ions of radlonucl ides
surface contaminat ion levels in

in surface and subsurface soi l  '
in ground waEerr and
bui ldings on the si te.

Procedures

2 .

l .  A 20 m system was establ ished by Mclntosh and Mclntosh of LockPort '

NY, under subcontract. This grld system i.s shown on Figure 3.

Gamna exposure rate measurements were made at the surface and at I n

above the surface at 20 m grld intervals. Measuremenfs were

performed using portable ganma NaI (T1) scint i l lat ion survey mefers'

Conversion of these measurements to exposure rates in nicroroentgens

per hour (UR/h) was !n accordance with cross calibration with a

pressurLzed lonizat ion chamber.

Beta-gama dose rate measurements were perf ormed I cm above the

surface at 20 m grid intervals. These measurements ltere conducted

using thin-wLndow 0 W/cm21 G-M detectors and portable scaler-

ratemeters. Measurements' ltere also obtained with the detector

shielded Eo eval-uate contributlons of non-penetrating beta and

low-energy ganma radiations. Meter readings vtere convert'ed to

dose rate in mLcrorads Per hour (Urad/h),  based on cross cal ibrat ion

with a thin-lrindow LonizatLon chamber using soi-l samples fron NFSS

of f -s l te  p roper t ies .

surf ace (0.15 cn) soil samples of approximately I kg each lirere

collected at aPProxinately 20 intervals.

Walkover surface scans were conducted at l-2 m intervals over all

accesslble areas of the Property.  Portable ganma scint i l lat ion

survey neters were used for these scans. Locat ions of elevated

contact radlat ion levels were noted.

At selected locat ions

exPosure rates at I m

of elevated surface radlat ion levels,  ganma

above Ehe surface and beta-gamma dose races at

3 .

4 .

5 .

6 .



7 .

1 em above the surface ttere llnasured. Surface samples were obtained

at several  of  these locat ions and, fol lowing saropl ing, the surface

exposure levels were rerireasured to evaluate the effectiveness of

shallor sarnpling on removal of the radlatlon eourc€o

Detect ion ScLences Group of CarlLsle, MA' perforned ground-

penetrat lng radar surveys at locat ions selected for subsurface

invest igat lons to ident l fy the presence of underground ptplng or

ut i l i t les which would preclude borehole dr i l1|ng. Several  boreholes

were relocated sl ight ly Lo avoid possible underground objects '

Flve boreholes were drtlled Eo a depth of 5-6 t! to provide a

mechanl.sm for loggtng subsurface direct radiation proflles and

col lect ing subsurface soLl samples. Dri l l ing l tas performed by Slte

Engineers, Inc.,  of  Cherry H111' NJ, using a truck mounted 20 cm

dlameter hollow-st€Itr au$€I'o Locatlons of the boreholes are indLcated

on Flgure 4.

The boreholes nere ganma scanned over their englre length for the

presence of subsurface residues. RadLatlon profiles ln the boreholes

were deternined by oeasurements of gaom{r radiatlon at f5-30 cm

lntervals between the surface and the hole bottom. A colllnaEed

gama sclntLllation detector and portable scaler were used for these

D€a$uE€m€OESo

A water sample of approxlmately 3.5 llters was collected from one of

t h e h o l e s ( w a t e r g ' a s n o t a v a i l a b l e i n t h e o t h e r b o r e h o l e s ) .

-collectlon !ra6 performed uslng a hand bailer. Soil samples of

approximately I kg each ltere collected from various depths Ln the

holes by scraping the sides of the borehole with an ORAII designed

sanpl lng tool .

Exploratory dlrect radiation and

were performed in al l  bui ldings.

8o walkover surface scans uslng
b. exposure raEe rreasuremenEs aE

surface contaminatton neasurements

The building surveYs included:

NaI garnrna scint i l lat ion detectors'

I  m above the f loor '

8 .

9 .



c . Itreasurements ot
wa1ls,  and
snear samPles
contamination.

total alpha and beta-ganma levels on floors and

to determine levels of removable alpha and betad .

10. Twenty soiL samples and seven water samPles ltere collected from the

Lewiston area (but not on !{FSS or associated off-site properttes) to

provlde basellne concentratlons of radionuclldes for comparison

purposes. Direct background radlation levels were measured at

locattons where basellne soll samples were collected. The locatl'ons

of the baseline samples and background measurements are shown on

Figure 5.

Sample Analyses, and Interpret?tion of Results

Soil samples were analyzed by gaxuna sPectrometry. Radlun-226 was the

najor radionuclide of concern, although spectra were revlewed for u-235t

U-238, T\-232, Cs-137, and other ganmEr emitters. The water sample ltas

analyzed for gross alpha and gEoss beta concentrations. Smears of building

surfaces were counted for gross alpha and gross beta contamlnation'

Additlonal lnfornation coneernLng analytical equipment and procedures ls

contained ln Appendlx A.

Results of thls survey

f ormerly utlllzed radioact'lve

Appendlx B.

Background Leve.ls and lasel-ine CoPcentrations

Background exPosure

soi.l, determi.ned for Z0

Fal ls Storage Site,  are

6 .8  Eo 8 .8  uR/h  ( tYPlca l

lrere compared to the applicable guidelines for

oaterials handling sLEes, which are presented in

REST'LTS

rates and baseltne radionuclide concentratlons in

locations (Figure 5) in the vicinity of uhe Nlagara

presented in Table 1-A. Exposure rates ranged from

leve1s for this area of New York). concentrations of



radionuclides

grarn); U-235 '

<0 .32  t o  1 .18

are typical of

in soi l  weres Ba-226, <0.09 to L.22 pCLlg (picocuries Per

<O. l 4 toO .46pCL /e ;U -238 ,<2 .208o6 '26pC i / g i n r -232 '

pcL/g; and cs-137, <0.02 to 1.05 pCL/8. These concenLrations

the radtonuclide levels nornally encountered in surface soils'

Radioactivity levels ln basellne Isater sanples are presented in

Table I-8. The gross alpha and gross beta concentrations ranged from 0.55 to

1.87 pCL/L (picocurles Per l l ter) and <0.63 to I4.3 PCL/L, respectlvely'

These are typlcal of concentrations normally occurring ln surface water'

Dlrect Radiatl.on Levels

Dlrect radiation levels ' systematlcal.ly Gasured at 20 n grid intervals

are presented in Table 2. The ganna expo6ure rates at I o above the surface

ranged fron 5 to 8 UR/h. Surface contact exPosure rates also ranged from 5 to

8 UR/h. Beta-ganna dose rates at the surface ranged from 5 to 28 Urad/h'

Measurements performed wlth the detector shlelded averaged approxirnately 20"4

less than those wlLh the unshielded detector. This I'ndicates only a suall

portion of the surface dose rate ls due to nonpenetrating beta or low-energy

photon radiations.

The walkover survey identlfied numerous snall isolated areas of elevated

surface radiatlon levels. with the exception of one area at grid polnt 497N'

181W, Lhese elevated areas were located in the paved parklng lot norEh of the

unused two-story structurel i.e. between 640-680N and L4f.22OW. The locations

of these areas are indlcated on Figure 6 and Ehe assoclated radiation levels

are presented in Table 3. Exposure rates at surface contact with these areas

ranged uP to 48 UR/h. Exposure rates at I m above the surface and beta-gamua

dose rates at the surface ltere neasured at several of these locatlons '

considered to be rePresentative of the general conditions' The maximun I m

exposure rare was L7 uR/h and Ehe highest contact dose raEe was 60 urad/h'

There was no difference between Ehe shielded and unshi-elded dose raEe

measurement,s, indicatlng negligible beta contributions' At the three

locatlons where samples were collected, there was no change in the surface

radiation level after samPllng.



Radlonucl lde Concentrat ions ln Surface Sq!!

Table 4 presents the concentrat ions of radlonucl ides measured in surface

soi l  samples, systenat ical ly col lected at approxfuoatel-y 20 m intervals.  These

sampLes contained the fol lowlng ranges of concentraLionsz Ra-226, 0.31 to

2 . 5 6  p C L / e ;  U - 2 3 5 ,  < 0 . 1 4  t o  0 . 5 7  p C L / e ;  U - 2 3 8 ,  0 . 4 7  E o  6 . 1 1  p C L / e ;  C s - 1 3 7 ,

<0.04  to  4 .16  pGi /e ;  and Th-232,  0 .20  to  L .62  pCL/g .  Severa l  o f  the  samples

contained leveLs of the Ra-226, Cs-137 and Th-232 hlgher than the ranges noted

ln baseline sanplesl however, average concentratl.ons were comparable to Lhe

baseline levels. Other gaflrur enitting radlonuclides were not detected ln

slgnlf lcant concentrat lons ln these samples.

Radionuclide concentratlons in samples collected at selected locatlons of

elevated contact radlatl.on level-s are presented ln Table 5. Sanple Bl fron an

isolated area at gr ld polnt 497Nr181W, contained I4.9 pCt/g of &a-226' br.r t  no

slgniflcant concentratlons of addltlonal radlonuclldes. sanpllng ln the

vlcinLty of the north parklng lot lndlcated that the elevated radiacl'on leveLs

nere assoclated wlth rock (possibly slag) used as a base for the asphalt

pavfng. Two sanpJ.es of Ehls paving base materlal, B2B and B3B, contained high

concenrrations of Th-232-931 pCL/E and 944 pCL/g, respectl'vely. These samples

also cootained elevated levels of Ra-226 and U-238. Sanple B2B contalned

I99 pCL/g of Ra-226 and LgZ 4CL/E of U-238; sanple B3B contalned L72 pCl/g of

Ra-226 and 189 pCL/g of U-238. The presence of Ra-226 and U-238 at

equlll.briuo concentrationst suggest that thls materiaL is a naturalLy

occurrlng ore or slag from oPeratlons not concerned with separation of

uranium. Sanple B3A, containing a mixture of soLl and gravel, had lower

concentratLons of Th-232, Ra-226, and U-238; however, the raEios of these

nuclides were slmllar to those in the paving base material' A sanple of Ehe

aphalt paving (B2A) did not contain signlficant radionucllde levels.

Boreholb Gama-Logging Measurements

Ganma oeasureme.nEs ln the boreholes did not identify any evidence of

elevated subsurface radlonucfide levels. The gamna-logglng data was noE used

to quant l fy ing radionucl lde concentrat lons in the subsurface soi l  because of

the varylng ratlos of Ra-226, U-235, Th,'232, U-238, and Cs-137 occurring ln

soi ls from the NFSS.



Radionucl ide Concentrat lons in Borehole Soi l

Table 5 presents radionucl ide concentrat, ions measured in sol1 samples

fron boreholes. None of the sanples contained radlonucl ide levels di f fer lng

frorn those ln the baseLine sol l  samples.

Radionucllde Concentrations in l,later

The gross alpha and gross beta concentrations measured in ltater from

borehole I I4 ( the only borehole where nater was avai lable) were 2.27 pci /L and

2.42 pCI/L, respect lvely (see Table 7).  No addit lonal anaLyses l tere required

on this sample, because the levels were well withln the EPA criterla for

drlnklng rJater systems.

Buildlng Survevs

The results of "exploratory': surveys conducted tn the b'ulldings on

property P are gumarlzed in Table 8. No areas of elevated dlrect radlation

or surface contaminatlon were noted. Further building neasurements ltere

therefore not necesssgo

COMPARISON OF SURVEY RESULTS WITII GUIDELINES

The guideLines appl icabLe to cleanup of of f-s i te ProPert les at the

Niagara FaLl,s SEorage Site are presented in Appendix B. Radionucl ide con-

centrat lons assoclated with smal1 surface or near-surface areas of

contamination and materials, exceed these guideline levels for Ra-225

(S pCi/ i l ,  U-238 (150 pcf /S),  and Th-232 (tS 6, i /e).  Most of these areas are

associated with the material used as a paving base for one of the parking l-oes

on property p. Thts rock contains Th-232 concentraElons up to 944 pCi/g and

U-238 concentra-rions up ro Lgz pCL/g. Ra-226 is in equillbrium with U-238.

The equi l ibr lum condit lon suggests that the elevated radionucl ide levels ln

this mater ial  are of natural  or igin and are not the result  of  previous federal

government actlvitl-es on this property or Ehe NFSS '



gne sna1 l  i so la ted  area  a t  g r id  loca t lon  497N,18IW has  a  sur face  so i l

concentrat lon of Ra-226 of L4.9 pCL/g, but no signi f icant levels of other

radionucl ldes. The concentraElon averaged over 100 fr? in this area would

noE exceed the crlteria ot 5 pCL/g above background.

Direct radiation 1evels on the property are well below the guideline of

60 un/h for open land areas. The maximum exposure rate measured was 48 uR/h

at surface contact wlth a small area in the parking lot. At a height of I n

above the surface, the highest exposure rate measured on the property was

17 un/h. There was no lndlcatlon of contaminatlon in subsurface soil or water

samples. Measurements ln buildings indicated levels are wlthin the guidellnes

for unrestr lcted use by the general  pubLic.

SUMMARY

A comprehensive survey of off-site Property P at the Niagara Falls

Sgorage Site was conducted durlng June and July, 1983. The survey lncluded:

surface radiatlon scans, m,easurements of dLrect radlaLlon levels, analyses for

radLonuclide concentrations in surface and subsurface soll and in one

subsurface lrater sample, and measurements of contamlnatlon levels ln

bul ldings.

The results of the survey indicace the presence of rock-llke macerial,

containing elevated levels of the thorlum and uranium decay serles. This

naterlal has been used as a pavlng base in one of the parking areas. The

composltion of thls material and the history of development of ProPerty P

suggest that this naterial is not attrl.butable to prevlous waste handllng and

sEorage actlvLties at NFSS. There ls one isolated area of Ra-226

contamlnation which could be ellminated by Ehe removal of a very small (less

than t 13) amount of surface sol1. Locatlons of these areas of elevated

radionuclide levels are lndicated on Figure 7. Gontaminatl'on ltas not noted in

subsurface soLL and water or on inter ior bul lding surfaces.

Radionucl lde levels on chis property do not Pose poEenElal  health r isks

and there is no evidence Ehat mlgraCion of the radioact ive mater ials ls

adversely affect ing adjacenC propert ies or the ground l taEer.



_ra t$3- iQAo- - - . - - - - l Lr L-
I

I

:
7

? l
C r  I

gr$l
s t - i
7 t = l*isl

4 l

i o l

l * l
r l l

_l Ll

q
g

,  :u,

'-n
F : - l l
= cr :

r-_-l
t l
l l
tl
r-l
t-;
t q
t a l

t3
tEl
t < l
l u l

ffi
l l l r -
I  l t  l -
L - J I  I E

swaNtrt RoAo

Map o f  the  N iagara  Fa l1s  Storage s i te  and o f f -s i te  Proper t ies ,

Lewiston, New York'  Indicat ing the Locat ion of Property P'

1 0

FIGURE 1.



BALMER

2.

3.

NN CENTRAL
DRAINAGE DIrcH EASEMENT
NOT INCLUDED IN THIS
SURVEY.

BUILDINGS

ADMINISTRATIVE
OFFICES

STORAGE
AND MAINTENANCE

UNUSED TWO
STORY STRUCTURE

050
METER

FENCE *-FF-

PROPERTY BOUNDARY -
DITCH
BU|LD|NG OR FOUNDATTON @

FIGURE 2 .  P lan  V iew o f  NFSS Of f -S i te  Proper ty  P ,  Ind ica t ing
Prominent Surface Features.

1 1



= = = = = = = =

RFREEFFE
900 N

880 N'

860 N

840 N

820 N

800 N

780 N

760 N

740 N

720 N

700 N

680 N

660 N

640 N

620 N

600 N

580 N

560 N

540 N

520 N

500 N

480 N

460 N

440 N

420 N

DRAINAGE DIrcH EASEMENT
NOT INCLUDED IN THIS
SURVEY.

q___lq
METERS

FENCE
PROPERTY
DITCH
BUILDING

BOUNDARY

-#

rr-I

Map of Property
Gr id  Sys tem.

oR FOUNDATTON @Ef

P,  I nd i ca t i ng  t he

t2

FIGURE 3. 20  Meter  Reference



====3===
O o o O O o O O
s t N C r € g ( l r s t N O
N C \ t ( \ T F F F F

900 N

880 N

860 N

840 N

820 N

800 N

780 N

760 N

740 N

720 N

700 N

680 N

660 N

640 N

620 N

600 N

s80 N

560 N

540 N

520 N

s00 N

480 N

450 N

440 N

420 N

DRAINAGE DIrcH EASEMENT
NOT INCLUDED IN THIS
SURVEY.

0 50
METERS

FENCE
PROPERTY
DITCH
BUILDING

BOUNDARY

oR FOUNDATTON w,,."e

Boreho les  on  Proper tyFIGIJRE 4. Locat ions of

t 3

P .



U'
_lrJ
F

UJ

E 3y
E - . t =
G f i (n

H *3
F <e

- b

O Zu,

E-l
I

"J t+l

O 'Ft

o o

d . . o
o o  o
O N F t

F l l O

u0+ o
E v o

B l i
o . o
t o p
c o o J ( !

F { B
. o r

u . E
h ( 6 . .
o ( / l F

o l
3  t r -
O F I  3
Z - 1

o . -
i o o

h ( u e
I J F Q  C
t r c ,
4 d E

o t r o
q ) O F .

d ( a ( a
l',| +J ql
( d t r o
O O A J  E
d E. d o + J
zua

= o
t r O l r
t {  ( t l r {
o  o €
+ J E
l r i O  t r

z=oo
' + i l r o
O  O 0 F t

j l g
o . o  E
( ! ( l , ( t '
E c q  o

rn

H

MN

L4



========
ooSooooo
s t N C ) C O ( g s ? 6 | O
C \ l C \ . O r F

900 N

880 N

860 N

840 N

820 N

800 N

780 N

760 N

740 N

720 N

70c N

680 N

660 N

640 N

620 N

600 N

580 N

560 N

540 N

520 N

500 N

480 N

460 N

440 N

420 N

DRAINAGE DITCH EASEMENT
NOT INCLUDED IN THIS
SURVEY.

METERS
500

FENCE
PROPERTY
DITCH
BUILDING

Locat ions of
Ident i f ied  bv

BOUNDARY

OR FOUNDATION WW:t1

Elevated Surface Radiat ion Levels,
the Walkover Scan.

FIGURE 6.

15



= = = = = = = =
o o O o ) C c ) c | O
s r N e c o ( o < t o t o
( \ r 6 r ( \ r F ' | F F F

900 N

880 N

860 N

840 N

820 N

800 N

780 N

760 N

740 N

720 N

700 N

680 N

660 N

640 N

620 N

600 N

580 N

560 N

540 N

520 N

500 N

480 N

460 N

440 N

420 N

DRAINAGE DIrcH EASEMENT
NOT INCLUDED IN THIS
SURVEY.

ffi AREA coNTAtNtNG
PAVING BASE WITH
ELEVATED Th232,U-238 &
Ra.226 CONCENTRATIONS

O ISOLATED AREA
Ff,AVING na-26 COI{CENTRA-
TIONS EXCEEDING SpCi/g
ABOVE BACKGROUND

g_ee
METERS

FENCE
PROPERTY
DITCH
BUILDING

BOUNDARY

--I--*----ts

-

oR FoUNDATtoN Wff i ,

FIGURE 7. Surface Areas of Property P, Where Radionucl ide Levels Exceed

Cr i te r ia  and Where  Iso la ted  "Hot  Spots"  Have Been ldent i f ied .

16



a
(o
(t

. d
r,
@

!l
ql

"lo o
(J
ql 00

t+r tr
H . d
t r ,a e

3
o o

J: ct

t ro o
O E

. i 3  o' '  6  o
ql

o  E 3
lr
5 - {  b
oo (\l

f { q l O
t{

o !  q l
u o

t'' (o
l { ' H
o ( a o

t } . q t t
( u ( u l r
d E T A

c t D  c l

t7

lr'l
@ c O q \ r \ r \ O \ O  r l O . +  O € O c O O \ c O  $ l ( ' t l \  O
O O O O O e O  F . F l  . { F { O ' - T O O O F { , - { O  .

a a a a a a a  a a a a a a a a a a a a  F {

o o  o  o o  o o  6 l  o o  o  o o e  o o o  o o  o
o 0

+ l  + l  + l  + l  + l  + l  + l d  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  s

O\ .$ .+  6 t . f  n . n  V  O .O \  CO €O - .  c )  ( n . - {  cO  G t  r n  O  6 l
( 1  ( \ ( ' f  F t F t F { ( n  \ g \ ( ) . + \ O . + 1 \ ( \ l \ O c . l c . f  O O  O

a a a a a a a  a a - a a a a a a a a a a  a

O O O O O O O  O O O O O O O O O O - . O  O
V

€o
\c,.i! ("r l^.sf €.f (v) @ rt\,-r \o \o !n rn @ c{ s o\ o\ F{
. S N ( v f  . " ) N ( n 6 t 6 t ( Y r ( \ l ( n 6 { ( \ t $ t ( v r N 6 t . i l  . f  c - {  .

a a a a a a a a a a a a a o a o a a a a  d

oc )  ooo  o  oo  oo  ooooooooo  o
+ l+ l  + l+ l+ l  + l  + l  + l  + l+ l  + l  + l+ l+ l+ l+ l  + l  + l  + l  + l  ;
c, \0 oo 6 €| 6t (n.+ (n o\ o.r rn o\ F c{.(t/l (\l Fi ao r+ cl
r \ €  €  F r \ O  r n  @  r n  @ ! n  +  r g . + \ g  t \ O  . v )  O  O  O  F l

a a a a a a a a a a a a a a a a a a a a  a

O O  O  F . O  O  O  O  O O  O  O  O O  O O O . {  F r  O  O

\0
('r $l
( ! .

a \ 0
CI\ rfr 6l O S tlt dl O \O cO tv| \t \O $ O € (r) O\ qr O\
€ (n F Ft (rl (') F c{ Fr o\ €o € (vr c{ c-| rn F .F rn 0

a  a  .  a  a  a  a  a  a  a  .  .  a  a  .  a  a  * l  a  o  l l
(\ ai (n.+ trt (rt 61 6l .$ 61 6l sl 6l (n c.t (n C{ ('r crt
V V V V V V \ / V V V V V V V V V \ / \ O V V  O(\ (\

a " a

\g 6l
v

s. + '
o O

(  O \ O 6 l F \ O F . i f  ( 1 . l  C  O \ \ O l \ O \ a \ F r € ) @ ( + . |  F {
. C r l F . d F l - r ( {  F - l - l G l O {  O

a . +l a a . a . o . a . a . a a a . a o l l
o o  o o o o o o o o o o o o o o o o o
V \ / \ O V \ / V V V \ / V V V \ / V V V V V V V ' +.+

a a

o o v

(, (\
\ C t O \ c O  € \ O  r n ( f t  e {  O \ O  ( r l . S F $ t \ . +  \ g c {  F  c {
Fl d Fl Fa Fl Fa Fa Fl c{ Fa Fl F{ Fa Fl Fl r{ Fl (! F{ o

a a a a a a a a a a  a a a a a a a a a  F l

oo  ooo  oo  o  oos \oooooo  oo  o
+ l+ l  + l+ l+ l  + l+ l+ l  + l+ l J  + l+ l+ l+ l+ l+ l  + l+ l+ l  3
. i f  r r - r  F ( t  O<v r  O \  ( l rO  \ /  €  F0O rnd@ c t l  F l  ( v l  C
l \ l \  F \ g F  r n \ c } t n  \ g F  . + t f l \ O \ O O \ . +  l \ ( \  @  O

a a a a a a a a a a a a a a a a a a a a

O O O o O O O O O O  O O o O O o o F T O  
I

t
oo

G(l € (ll C (lt F F \O Fl r{ F Fl F CO (rl.,f O F C) \O
a a a a a a a a a a a a a a o a a a a a  c ,

\o \o co FF F F F t \F \o Frct  \cr  c,  t \  t \  Fcc,  € l ,

o
a

\0

(u
o0
E
cl
d

Ft 6t aO.g' u.r \O F € orr c)'t c-| (' .if rn rOr n CO C'r O
Fl Ft F{ Ft F{ r-l Ft .{ d Fl $l

(t)

I
cn

c!(n
(\
I

H

€o
cr)
c{
I

rt'l
(n
(!
I

\o({
6l

I
ql

4

c0

(,
o

Co
co
Ll
qt
t{
tl
ec,
(J
I
o
(J

o
€

(J
5
a
o
€
ql
&

3
o

IJ
ct
&
O E

t c
q l r

o \ /
ox

Idl

(u

o
&l
qt
(,
o

Ff

?J)

Ff

E
(n

FI
H

(n

r n H
t{l z
t s H
& f:l

crj
lrf
g F a

f ( , ) Z
F I O H

A O
f r f  * Z u )
F f  E < Z

5aP
H ' z H

=
o d
& F {( 9 2
}z tEl
( , q )

f e o
(.)
l*1

H
Ff
(J

z
v
H

&



TABLE I-B

RADIONUCLIDE CONCEN1RATIONS IN BASELINE }TATER SAMSLES

-  - .  6

LOCaE,:.On
Radionucl ide Coacentrat ions (pCi /1)

Gross Alpha Gross  Beta

WI
w2
r{3
w4
I{5
I{6
w7

0.95
0 .95
0 .55
0 .63
0 .73
1 .87
1 .16

0  .55

h
+ 0 .93"
f  0 .94
+  0 .78
!  0 .89
!  0 .68
3  1 .84
!  0 .66

to  1 .87

4 .79  1  1 .15
9 .17  3  1 .31
2 .73  2  L .05
5 .37  g  l . l 7

<0 .64
14 .3  t  2 .4

<0 .63

<0.63  to  14 .3Rauge

a
b

Refer to Figure 5.
Errors are 2o based oo couatiug statist ics.
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TASLE 2

DIRECT MDIATION LEVELS SYSTEMATICALLY MEASURED
AT 20 I'{ GRID INTERVAJ.S

Gr id
Locat ion

N W

G'ilma Exposure
R a t e s a t l n A b o v e

the Surface
(un/h)

Gamma Exposure
Rates at the

Surface
( uR/h)

Beta-Gaoma
Dose Rates at I cm

A,bove the Surface
( urad/h)

900 240
900 220
900 200
900 r80
900 160
900 140
900 120
888 240
880 220
880 200
880 r80
880 160
880 140
880 120
860 240
860 220
860 200
860 r80
850 160
860 140
860 120
840 240
840 220
840 200
840 r80
840 160
840 l4o
840 120
820 240
820 220
820 200
820 180
820 160
820 140
820 120
800 236
800 220
800 200
800 180
800 150

7
8
8
8
7
7
7
8
I
I
7
8
I
8
5
8
8
8
7
8
7
7
7
8
I
8
8
8
8
7
7
8
7
7
8
7
7
7
7
7

7
8
7
7
8
7
6
7
8
7
7
8
7
7
5
8
7
8
8
7
7
7
7
8
7
8
8
8
7
8
7
8
7
7
8
7
6
7
7
7

20
8

T2
2T
L4
27
l0
27
15
19
13
8

25
28

5
L4
2L
24
18
22
L7
27

7
t8
L2
r8
2L
22
2r

7
t8
18
L4
7

L6
L6
10
l l
IO
T4

t9



TABLE 2, cont.

DIRECT RADIATION LEVELS SYSTEMATICALLY MEASURED
AT 20 M GRID INTERVALS

Grid
Locat ion

Gamma Exposure
R a t e s a t l n A b o v e

the Surface
(uR/h)

Gamrna Exposure
Rates at Ehe

Surface
( uR/h)

Beta-Gama
Dose Rates at I cm

Above the Surface
( urad/h)

800 140
800 120
780 236
780 220
780 200
780 180
780 150
780 140
780 r20
760 236
760 220
760 200
760 180
760 160
760 r40
760 120
740 236
740 220
740 200
740 180
740 160
740 140
740 120
720 236
720 220
720 200
720 180
720 160
720 140
720 120
700 236
700 220
700 200
700 180
700 160
700 140
700 120
680 236
680 220
680 200

7
7
7
6
6
7
7
7
I
7
6
6
7
7
7
7
7
7
7
7
7
7
7
7
6
7
7
7
7
7
7
6
6
7
7
7
7
7
5
7

8
23
11
6

l0
7
I

10
L2
l1
6

10
7
8
I

7
7
6

L4
l0
7

10
L4
L4
L7
l l
l 0
7
7

13
r6
6

L4
7
7

l3
8
I

T4
l0

20



TABLE 2, cont.

DIRECT MDIATION LEVELS SYSTEMATICALLY MEASURED
AT 20 M GRID INTERVAI,S

Grid
Locat lon

N W

Ganma Exposure
Rates  a t  I  mAbove

. the Surface
(uR/h)

Gamma Exposure
Rates at the

Surface
( uR/h)

Beta-Ganma
Dose Rates at I cm

Above the Surface
( urad/h)

680 r80
680 160
680 140
580 r20
660 236
660 220
660 200
660 r80
660 160
660 140
660 r20
640 236
640 220
640 200
640 180
640 160
640 140
640 r20
620 236
620 220
620 200
620 180
620 r40
620 120
620 107
600 236
600 220
600 200
600 r80
600 160
600 140
600 r20
600 r07
580 236
580 220
580 200
580 r80
580 160
580 140
580 120

7
15
l9
8
7
5
6
5
5
5
I
7
5

15
5
5
5

18
7
8
6

10
5
8
6
I
7

r8
6
5
5
5

22
l l
t 2
7
7

l0
7
6

7
8
6
8
7
5
5
5
5
5
8
I

5
5
5
5
5
7
7
7
6
7
5
7
6
7
7
7
6
5
6
5
8
7
6
7
I

7
7
6

7
7
6
7
7
5
5
5
5
5
7
I

5
5
5
5
5
6
7
6
6
6
5
7
6
7
7
6
6
5
6
5
8
7
6
7
6
7
7
6

2L



TABLE 2, cont.

DIRECT MDIATION LEVELS SYSTEMATICALLY MEASURED
AT 20 M GRID INTERVATS

Grid
Location

NW

Gamna Exposure
R a t e s a t l n A b o v e

the Surface
(un/h)

Gamma Exposure
Rates at the

Surface
( uR/h)

Beta-Garrma
Dose Rates at I cm

Above the Surface
( prad/h)

580 107
560 236
560 220
560 200
560 r80
562 160
560 140
560 120
560 107
540 236
540 220
540 200
540 180
538 160
583 140
583 L20
583 107
s20 236
520 220
520 200
520 180
520 160
520 140
520 r20
520 107
500 236
500 220
500 200
500 r80
500 160
500 r40
500 120
500 107
480 235
480 220
480 200
480 r80
480 160
480 140
480 r20

7
7
7
7
5
6
I

7
8
7
7
7
5
5
7
7
8
7
7
6
7
7
7
7
7
7
7
7
7
7

8
7
6
7
5
5
7
7
8
7
6
6
5
5
7
7
8
6
6
6
6
6
6
6
7
7
6
7
7
6
a
7
8
6
6
7
7
7
a
7

l0
7
8

13
5
6
7

10
L7
7

L7
7
5
5
7
7

18
l0
t4
6
7
8
7

t3
I4
8

I I
l 0
7
7
a

T4
20
2L
6

16
L4
13

a
7

a
7
7
7
6
7
7
7
a
7

22



TABLE 2 ,  con t .

DIRECT MDIATION LEVELS SYSTE},IATICALLY MEASURED
AT 20 M GRID INTERVATS

Grid
Locat lon

N I {

Gamma Exposure
R a E e s a t l m A b o v e

Ehe Surface
( u R / h )

Gamma Exposure
Rates at the

Surface
( un/n)

Beta-Garma
Dose Rates at I cm

Above the Surface
( urad/h)

480 107
460 235
460 220
460 200
460 180
460 160
460 r40
460 r20
460 107
440 235
440 220
440 200
440 180
440 160
440 140
440 L20
440 107
420 235
420 220
420 200
420 180
420 160
420 140
420 120
420 107

IO
T6
5

16
l l
27
18
L7
10
L4
7
7
7

I t
5

11
l9
9

L2
18
8

13
L7
7

t t

7
6
6
7
7
7
5
8
7
7
7
7
7
7
5
5
8
6
5
7
7
7
7
7
8

8
6
6
7
7
7
6
I
7
6
7
7
7
7
5
5
8
6
6
6
7
6
6
6
8

acrid point not accessible due to presence of building.
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APPENDIX A

Instrumentat ion and Analyt ical  Procedures

Garoma S clntil lation Measurements

I{alkover surface scans and measurements of gamma exPosure rates were

perforrned using Eberline Model PRM-6 portable ratemeters wlth VLctoreen Model

489-55 ganma scint i l lat ion probes containing 3.2 cm x 3.8 cm NaI(Tl)

crystals.  Count rates l rere converted to exposure rates (uR/h) uslng factors

deternlned by cornparLng the response of the scintll lation detectors with that

of a Reuter SEokes Model R.SS-111 pressurized ionizat i .on chamber at locat ions

on the Niagara Fal ls Storage Slte.

Beta-Gaoma Dose Rate lteasurements

Measurements were perforned uslng Eberline "Rascal, " ModeL PR.S-1 t

scaler/ratemeters wtth Model IIP-260 thin-window, pancake G-M, beta probes.

Dose rates (Urad/h) lrere determLned by comparLng the resPonse of a Vtctoreen

Model 440 ionlzation chamber survey meter to that of the G-t't probes.

Borehole Logging

Borehole gamua radlation measurements were performed uslng a Vlctoreen

Model 489-55 gam:l sclntil lation probe, connected to a Ludlurn Model 22OO

portable scaler.  The scint l l lat ion probe was shielded by a L.25 cm thlck lead

shleld with four 2.5 nm x 7 m holes evenly spaced around the region of the

sclnt i l lat ion detector.  The probe was lowered into each hole using a tr lpod

holder wlth a srnall wLnch. The borehole nas scanned and neasurements ltere

performed at lntervals of 15-30 cm to ldentify regions of possibLe residues

and guide the selection of subsurface soil sanpling locati-ons. Due to the

varying rarios of M-226, lJ-235, lJ-238, Th-232, and Cs-137 on NESS properties

there nas no attenpt to est lnate soi l  radionucl lde concentrat ions dlrect ly

from Ehe logging results.

A-1



Bui ldine Surface Contaminat ion Measurements

Total alpha and beta-ganma levels on building surfaces were measured

using Eberl ine nodel AC3-7 ZnS alpha scint i l lat ion and Eberl ine nodel HP-260

thin-w{ndow, pancake G-M detectors, respect ively.  These probes were coupled

Eo Eber l ine  "Rasca l r "  Mode l  PRS- I ,  por tab le  sca le r / ra lemeters .  Count  ra tes

were corrected for background and appropriate eff ic iency and probe area facEs

app l ied .

Removable contamination levels were determined by wipe (snear) Eests of

approximately lO0 cr2 of the surface using 5 cm diameter fllter paper.

These wipe samples were counted for gross alpha and gross beta actlvlty uslng

a Tennelec Model LB-5100 low-background proportional counter' and appropriate

background and efficiency correctlons were applied.

So11 and Sedinent Sanp1e Analvsis

Soil and sediment sarnples lrere dried, nixed, and a portion placed in a

0.5-1iter Marinell-l beaker. The quantity placed in each beaker was chosen to

reproduce Ehe calibrated countlng geometry and ranged from 600 to 800 g of

soil. Net soil weights were determined and samples counted using solid sLaEe

Ge(Li) and intrinslc germanLum detectors coupled to a Nuclear Data Model

ND-580 pulse helght analyzer system. Background and Compton striPping, peak

search, peak identifLcation, and concentration calculatlons ltere performed

uslng the conputer capabilities inherent ln the analyzer system. Energy peaks

used for determinatLon of radionuclides of concern were:

Ra-226 - 0.609 MeV from B7-2I4 (equilibrium corrections applied)

u-235 - 0.143 MeV

U-238 - 92.3 arrd, 92.8 keV fron Th-234 (secular equllibrium assumed)

Cs-137 - 0.662 MeV

Th-232 - 0.911 MeV from Ac-228 (secular equil lbrium assumed)

Several  samples with high concentrat, ions were subsequent ly analyzed for

U-238 by neutron act ivat ion. Approximately 19-20 g of soi l  l rere i rradiaEed

for 15 minutes i 'n a neutron f lux of 108 n/cm2/sec'  After a one minute

A-2



w a i t E i m e , t h e U - 2 3 9 p e a k ( 7 4 , 6 k e V ) w a s c o u n t e d f o r l 0 r r i n u t e s a n d t h e U - 2 3 8

concentrat ion calculated.

Water Sanple Analvsis

Water was rough-flltered Ehrough Whatman No. 2 filter paper. Renaining

suspended sol ids were removed by subsequent f l l t rat ion Ehrough 0.45 u;n

membrane f i l ters.  The f i l t rate was acidi f ied by addlt lon of l0 nl  of

concentrated ni tr lc acid. Fi f ty ol l l i l i ters was evaporated to dryness and

counted for gross alpha and gross beta using a Tennelec Model LB 5100

low-background proportional counter.

Calibration and Qualltv Assurance

I{1th the exception of exPosure and dose rate conversion factors for

portable survey gant&r and beta-gam-a meters, all survey and laboratory

instrunents were calibrated lrlth NBS-traceable standards. The calibratlon

procedures for these portable lnstruments are described above'

Quallty cont,rol procedures on all lnstruments lncluded dally background

and check-source rpasurements to confl.rm equlpuent operatLon Itithtn acceptable

statistlcal fluctuatlons. The oRAU laboratory partlcipates in the EPA Quality

Assurance Program.
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APPENDD( B

. SIJMMARY OF RADIATION GUIDELINES
APPLICABLE TO OFF-SITE PROPERTIES AT TTIE

NIAGAM FALLS STORAGE SITE



U. S. DEPARTMNT OF ENERGY

INTERIM RESIDUAL CO}iTA!,'INATION AND WASTE CONTROL GUIDELINES
FOR

. FORI{ERLY UTILIZED SITES REMIAT ACTIO}i PROGMM (FUSRAP)
AND

REI'IOTE SURPLUS FACILITIES YFAGEI'€NT PROGRA}' (SFUP) SITES

. - (Review i f i th in DOE Continuing)

Presented  here  are  the  res idua l  con taminat ion  c leanup and waste  cont ro l
guide]|nes of general  appl icabl l i ty to the FUSRAP project and remote SFMP
sitesa' .  A si te-specif ic aoalysis wi l l  be prepared for each FUSRAP and renote
SFMP si te pr lor to deterniniug residual contaoinat ion guidel ines for a specif ic
s i te .  In  add i t ion ,  i t  i s  t t re  po lLcy  o f  the  DOE to  decontprn ina te  s i tes  in  a
Eanner consistent with DOE's as-1os-as-reasouably-achievable (AIARA) pol icy.
ALARA will be considered iu reducing levels of residual ContamLnatiou belorr
appl icable dose l iu i ts.  ALARA wi l l  be inplemented using cost/benef i t
cons idera t ions ,  and app l ied  on  a  s i te -spec i f i c  bas is .

Ttre soi l  residual contaainat iou guidel ines rrere developed on the basis of
f.irniting oaximuo individual radiatl.on exposure to DOE linits specified in DOE
Order 5480.1A excLusive of exposure from natural  background radiat ion or
nedical procedures. Ttre radl.um-226 and thoriurn-23O guidelines include aa
additional linltation for buLldup of rad,on-222 decay products tn buildings. Ttre

aggregate of the contribution from all najor pathways, based on scenarios for
pemanent intrusion, e.g.,  establ ishing residences on the si te,  r tas assumed. Ia
most circr.mstances, the probabl.ll.ty Ls low that suctr an intrusiou rrll l occur.
Also, conservative assumptl.oas were used io deriviog these guidelines to eDsure
that a particular dose linit would not be exceeded. Use of these guidellnes Ls

additionally conservatlve because the patbways consl.dered La the derlvatioa of

the guidelines assume all water Lntake and most food lntake ls from the sl.te.
Also, the FUSRAP and reuote SFMP sl.tes often have llnited agrl.euJ-tural
capablllty and thi contamlnatl.oa Ls geuerally not honogeneous. Ttre combLned
effect of these factors ls such that the probable radlatloa exPosure to the

average populatlon ou, or l.n tbe viclnlty of, FUSRAP or renote SFMP eLtes
decontaminated to these guidelines will not bb appreclably dtfferent from that

normally recelved from natural background radiatlon.

The residual contaminatLon gul.delines for surface contamlnatlon of structurea

were adapted frou gul.delines developed by the U. S. Nuclear Regulatory
Coln"isslon (NRC) for decontaml.natiou of facilitlee and equipment prlor to

release for unrestrlcted uae-Or tetul.natloo of ll.censes for byproductr sourcet

or specl.al nuclear materl'at:!. Ttre rtaste control guidelLnea are consistent
with appllcable DOE Orders aud EPArs regulatious for lnactlve uranl'ro nlll lng

si tee, 40 CFR Part 192.

f/.e r"rote SFMP slte is oue that is excess

March 2L, 1984
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,  located outs ide a najor  operat ing DOE R&D or  product ion area.  Reoote s i tes
are more l ike ly  to  be re leased to the publ ic  or  excessed to other  governnent
ageocies af ter  decontamlnat ion than are s i tes located wi th  major  R&D or
product ion areas.

) l
! 'U .  S .  Nuc lear  Regu la to ry  Coun iss ion  1982 Gu ide l ines  fo r  Decontaminat ion  o f

Fac i l i t ies  and Equ ipnent  Pr io r  to  Re lease fo r  Unres t r i c ted  Use or  Terminat ion

of  L icenses  fo r  Byproduc t ,  Source ,  o r  Spec ia l  Nuc lear  Mater ia l .  D iv is ion  o f

Fue l  Cyc le  and Mater ia l  Sa fe ty ,  Wash ing ton ,  DC.

A. :RESIDUAL CONTAI"TINATION.GUIDELINES FOR FORMERLY UTILIZED SITES AND R.EMOTE

The fol lowing guidel ines represeat the maximum residual contaminat ion
l imits for unrestr icted use of land aod structures contaninated with

radionuclldes related to the nuclear fuel cycle at FUSRAP and remote SF}IIP

si tes. A sl te-specifLc analysis wi l l  be prepared for each sl te pr ior to

deternini .ng residual contaminat ion guidel ines for a specifLc si te.  f t  is

the pol icy of DOE to decontauinate si tes to contarninat iou 1eve1s at or

below the liults aad in a manoer coosistent with DoErs
as-1ow-as-is-reasonably-dchievable (AIARA) poliey ou a site-sPecific basis.

Slte-specific guidellnes and ALARA policy will be detemined by DOE on a

slte-speclflc basis and an ALARA report filed on completiou of renedial

act lon at a si te.  Exlst ing state and federal  standards wi l l  be appl ied for

water protect iou. Residual contarnlnat lou l imits fogrother nucl ides wi l1 be

developed wheo required using the sane nethodologf as was used for those

represented here.

Guidelines Maximum Linits for Unrestricted Use

soil cri t"*3 ,21 ,91

Radlonuclide (pCl/g above background)

75
r50
150
r5

5 pC;Lle' averaged over the
fl.rst 15 cn of soil below
the surface; 15 PCLIE, wheu
averaged over 15 cm thlck
soll layers more thao 15 co
below the surface aud lese
thau l.5u below the surface.

v-'J*!

1 .

u-natura-f/
u-23&?!,
v-23t8!-,
a\-Bd!
R;-226

Pa-231
Ac-227

Th-232

$iliilg,
Pu-238, 239,
Cs-I37

r40
40

190

60
2400

300
80

l 5

240
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Sr-90
H-3 (pCi ln l  soi l  noisture)

300
5 ,200

1 l
a 'Descr ibed in  OR0-831 and ORO-832.

!  to  the  event  o f  occur rence o f  o ix tu res  o f  rad ionuc l ides ,  the

f rac t ion  cont r ibu ted  by  each rad ionuc l ide  to  i t s  gu ide l ine  sha11 be

deterained, and the suo of these fract ions shaLl.  not exceed 1. There

are two special  cases for which this rule must be nodif i .ed:

(a) Tf Ra-225 ls present,  then the fract ion for Ra-226 shouLd not be

lncluded Ln the sr.rm i f  the Ra-226 concentrat ion ls less than or

equal to the Th-230 conceDtrat io8. I f  the Ra-226 concentrat ion

exceeds the 1b-230 concentration, then the sum sha1l be

evaluated by replaciog the Ra-226 conceutratioD by the

difference between the R^-226 and Ttr-230 concentrations.

(b) If Ac-227 is preseut, then the. same rule given ia (a) for Ra-226

relative to Ttr-230 applies for Ac-227 relati.ve to Pa-231.

'1, t
JExcept for Ra-226, these guidel ines represent unrestr icted-use

residual concentratl-onS above backgrouod averaged acrots aBy 15 cm

thick layer to auy depth and over any contiguous 100 n- surface 3!€8'

Ttre same condltioo" pi"lt"il for Ba-226 excePt for soil layers beneath

1.5 m; beneatb 1.5 o, the allowable Fia'226 concentratioa may be

affected by site-specific conditions and must be evaluated

accordlngly.

t t
Slocalized concentratlons in excess of these guidelines are

allowable provided that the average over lO0 mo is not exceeded'
Eowever, DOE ALARA poll.cy wl1l be consldered oo a slte-specLflc basl's

when deallng vtth elevated localized concentratloos.

!/E .o"re of natural urani'm meaus the sr:o of 3.7 x t0l0
disl.ntegrations per,lecond (dls/s) over any lscu th!6k_layers frou

U-238 plrr" 3.7 ; lglu dts/s froo U:234 plus 1.7 x l0' dis/s froa

U-235. One curl.e of natural uraniun ls equivalent to 31000 kilograos

or 61600 pounds of aatural uranluo.

9A"",-es rro other uranlrn lsotopes are preseut'

a t
affr." Th-23O gutdelLue ls 15 pCLIE to account for ingrowth of Ea-226

as Ttr-23O dicays. Ee,-226 ls a lirnLting radiouuclLde because lts

decay product Ls Rn-222 gas.

9/tU. pu-241 guidellne was derived from the Ar24l concentratlon.

2. Structure Guidelines (Maxl.nrn Limits for unrestricted use

8. Indoor Radou DecaY Products

A structure located oo Private ProPerty aud intended for

unrestrl.cted use shall be subject to remedial actloo as Decessary
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to  ensure  the  annua l  average concent ra t ion  o f  radoo decay  produc ts

is  less  than 0 .03  WL w" i th in  the  s t ruc tu re .

b. Indoor Gar, ' -a Radiat ioa

Ttre j .ndoor ganna radiat ion after decontaminat ion shal1 not exceed

20 oicroroentgen per hour (20 R/h) above background in any

occup ied  or  hab i tab le  bu i ld ing .

c .  Indoor /Outdoor .S t ruc ture  Sur face  Contaminat ion

Radionuc ]rides!

contaminat ioo*l

Removabl 
"Y'91

Transuraalcs, Ra-226,
Ra-228, 1b-230, n1-228,
Pa-23L, Ac-227, I-125, -
r-r29

U-NaturaL, ?ftl'232,
Sr-90, Fr-223, Fa-224, -
v-232, T-126, r-131,
r-133

r00 300

I ,000 3,000 2OO

Allowable Surface Residua]
(dpn/ lo0 cn ' )

a.r"r.gJ '!! vlax1mr-,U '2!

20

U-Natural, U-235, U-238,
and associated decaY
products 5,000

Beta-gar"na enlttere
(radl.ouuclides wlth
decay modes other than
alpha emisslon or
spontaneous flsslon)
except Sr-90 aud others

15 , OO0

5,000 15,o0onoted above

1 ,000

I ,O00

t l As used La thls table, dpu (dtslutegratlons per ml'uute)

means the rate of emlssion by radloactlve materl'al as

determined by correctiDg the couuts Per rn{nute observed by aa

approprLate detector foi background, effl 'cl'eney, and geometrl'c'

fattors assoclated rlth the I'nstrumentatlon'

Where surface cout'mlnatloo by both alpha- and

beta-garr'-a-eml.tting radioouclldes exlsts, the llmlts

establl.shed for atlUa- and beta-galEna-emittlag radlonuclldee

shall apPlY LndePendentlY.

2l Measurements of average contanrinant should not be

over Dore than I u4. For objectE of less surface

average shall be derlved for each such object'

lI lte average aod maxiunrm radiatl.on levels assocl'ated rdth

surface cont:rnl.natlon resultlng from beta-ga"'-a emitters should

2l

averaged
area, the
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not  exceed 0.2 nrad/h at  I  cm and 1.0 nrad/h at  I  cm,
respectively, measured through not Eore than 7 mg/cn' of total

absorber .

2/ Ttre uaxiuun contauinat ion level appl ies to an area of not

uore  than 100 cn ' .

9/  The auount of removable radioact ive mater ial  per lO0 cu2 of

sur face  area  shou ld  be  de termined by  w ip ing  tha t  a rea  w i th  d ry

f i l te r  o r  so f t  absorbent  paper ,  app ly ing  nodera te  Pressure '  and

assessing the aEount of radioact ive trater ial  on the wipe with

aa appropriate instrr:ment of known efficiency. wtreo renovable

contaminat lou on objects of less surface area is deternined,

the pert inent levels shal1 be reduced proport ionately and the

ent ire surface shal1 be wiPed.

B. CONTROL OF RADIOACTI\IE WASTES AND R.ESIDI'ES FROM FUSRAP A}ID REMOI:E SFMP

S I

Specified here are the controL requirements for radioactive ltastes and

rlsidues related to the nuclear fuel cycle at FUSRAP aud remote SFMP sites'

It is the policy of DOE to store radioactive wastes in a manner

represeuting sound engineering practl'ces consistent with DOErs AI-ARA

pol icy.

1. Inter iu Storage

A11 operatl.oual and coatrol reguirenents specified in the following DOE

Orders and other lteus shall aPPIY:

3. 5480.1A, Euvironmental Protectlon, Safety, aud llealth Protectioo

Program for DOE OPeratlons.

b. 5480.2, Eazardous and Radioactive l{ixed llaste Managemeat.

c. 5483.1, Occupatlonal Safety and Health Program for Government-Onned

Contractor-Operated FaclJ.Lti es.

d. 5484.1, Euviro'rrnental Protettlou, Safety, and Eealtb Protectlon

Inf oruatioa Reportlug Reguirements'

€. 5484.2, Iluusual Occurrenee Reportiag System'

f . 5820, Radl.oactl've Ifaste l{anagement'

g. control and stabl.lLzattou features lrtll be deslgned to easure' to

the extent reaaonably achlevable, an effective life of 50 years'

and La auy case' et least 25 Years'

h. ?g.-222 concentrations in the atmosphere above faclllty surfaces or

. openlngs shall uot (l) exceed lO0 pgLll at auy giveo point' or an

average conceatratlon of 30 r,CLIL ior the facl'l lty slte, or (2)

exceed a! average Rn-222 concentratl'ou at or above any location

ourside the facillty sLte of 3.0 p}'.l]- (above backgrouud)'
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1.  For  r . .a te r  p ro tec t lon ,  use  ex is t ing  s ta te  and federa l  s tandards ;

apply sJ.te-speclf ic rneasures where needed'

2. Long-Teru Management

a .  A11 opera t iona l  requ i rements  sPec i f ied  fo r  In te r im Storage

Fac i l i t ies  (B . l )  r r i l1  aPPIY-

b . Cont ro l  and s tab i l i za t ion  fea tures  w i l l  be  des igned to  ensure  to

the  ex ten t  reasonab ly  ach ievab le ,  an  e f fec t i ve  l i fe  o f  l ' 000  years

and,  in  any  case,  a t  leas t  200 years .  o ther  d isposa l  s i te  des ign

features sha1l conforu with 40 cFR Part L92 perforBance

guid el  ines/ requi rements .

Rtt-222 euanatlon to the atmosphere frou facility surfaces or

ooening sha1l not ( l )  exceed an average release rate of 20

pitl-l]-., or (2) increase the annual average Rn-222 concentration

at or above auy locat ioo outside the faci l i ty s l te by more than 0'5

pCi l l .

For l rater protect iou, use exist ing state and federal  standards; '

apply si te-specif ic measures where needed.

Prior to placemegt of agy Potentially biodegradable contaminated

wastes iu a Long-Tern Managemeot Facility, such wastes lrtll be

properly condltiooed to (l) ensure that the generation and escape

of biogenlc gases will not cause the requirement i.Ir ParagraPh 2.c.

to be exceeded, and (2) ensure that biodegradation rrithlu the

facility rrrfLl uot result in premature structural failure not in

accordance wLth the requirements iu paragraph 2.b.. If

biodegradable wastes aie condltLoned by inclneratioa, incineratiou

op"r"iior.s 11111 be earried out Ln compllance rflth all appllcabl'e

fideral, state, and local alr euission standards and regulrements'

locluding aoy etaudards for radionuclides establlshed pursuant to

40 CFR Part 61, NatLonal EnLsslon standards for Bazardous Alr

C r

Pollutauts (NESHAPS).

C:. EXCEPTIONS

d .

€ .

Exceptions uay be uade to the guidellnes Preseoted herelo folloriug

aaalisls of the site-sPeclflc Ispects of a candl'date sl'te' Speelflc

sltuations that sarraut consl.deratiou for modl.fyiug these guidelLnea are3

l. Iilbere reuedl.al actloas would Pose a clear and present rlsk of lnjury to

workers or uernber8 of the publl'c, notwl-thstaDdiag reasonable Eeasures

to avoLd or.reduce rlsk-

2. Wtrere reEedlal actloos would produce eovlronmental hara that ls elearly

excesslve compared to the health beneflts to Persons llvlug oD or near

affected eltel, Dow or La the future' notwlthstandlug reasonable

Eea8ure8 to lLmLt damage to the envLroinent. A clear exceaa of

euvlrorrrnental haru is haru that ls long-tero, maol'f est, aod grossly

dlsproportLonate to health beueflts that nay reasonably be aaticLpated'
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3. Where the  cos t  o f  re rned ia l  ac t ions  fo r  con taminated  so i l  ie

uDreasonably high relat ive to long-tero benef l ts and the residual

rad loac t ive  oa fer ia ls  do  no t  pose-a  c lear  Present  o r  fu tu re  hazard .  Ihe

l i ke l ihood tha t  bu i ld ings  w i l l  be  erec ted  or  tha t  peop le  w i l l  speod

long per iods  o f  t ine  a t  such a  s i te  shou ld  be  cons idered in  eva lua t ing

th is  hazard .  Rened ia l  ac t ions  w i l l  genera l l y  no t  be  necessary  where

res idua l  rad ioac t ive  mater ia ls  have been p laced semipercanent ly  in  a

loca t ion  where  s i te -spec i f i . c  fac to rs  l in i t  the i r  hazard  and f rom wh ich

they  are  cos t ly  o r  d i f f i cu l t  to  remove '  o r  where  oa ly  n inor  quant l t ies

o f  res idua l  rad ioac t ive  na ter ia ls  a re  invo lved.  Exanp les  are  res idua l

rad i .oac t ive  mater ia ls  under  hard  sur face  pub l ic  roads  and s idewalks ,

around publ ic sewer l ines, or in fence-post foundat ions. Supplenental

s tandards  sha l1  no t  be  app l ted  a t  such s i tes ,  however ,  i f  ind iv idua ls

are 1ikely to be exposed for long periods of t ime to radiat ioo fron

such mater ials at levels above those that would prevqi l  in Subpart  A.

I{trere the cost of cleanup of a contaminated building is clearly

uoreasonably high relat ive to the benef i ts.  Factors that shal l  be

included la this judgment are the ant icLPated period of occuPancy'  the

increuental radiation level that would be affected by renedial actions'

the residual useful  l i fet i rne of the bui lding, the Potent ial  for future

construct ion at the si te,  and the appl icabi l i ty of  less cost ly renedial

nethods than removal of  residual radioact ive mater ials.

4 .

5. Ifhere there is no knolm renedial actioo.

D. GUIDELINE SOI.'RCE

Guidell.ne

Resl.dual Coutaminatioo CrttertJ

Soil GutdelLue

Structure Guidell.ne

Cootrol of RadLoactlve l{astes and Residues

Lnteriu Storage
Long-Term Management

Source

DoE order 5a8O.ll,
40 CFR Part 192-

40 CFR Part 192,
NRC Guidelluee for
Decontaml-natiou of
Facilities aad Equl'P-
meat Prior to Release
for Unrestricted Use or
TeruLnatLon of Licenses
for Byproduct, Sourcet
or Speclal Nuclear
Mater ial  (JulY 1982)-

DOE Order 5480.14
40 CFR Part 192
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! / f t .  bases  o f  the  res ldua l  coo taminat l lo  gu ide l ines  are  deve loped in

ORO-831 and ORO-832.

4g" t "d  on  l im i t ing  the  concent ra t ion  o f  P .a-222 decay  Produc ts  to  0 '03  wL

w i t h i n  s t r u c t u r e s .
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